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HYDROLOGY:  BACK TO THE BASICS… 
 
 
BASIC CONCEPTS AND DEFINITIONS:  STREAM FLOW 
 
 
Two basic questions: How much water will we get? 









What volume of water will “cross the line” in one second? 
 
 





BASIC CONCEPTS AND DEFINITIONS:  FLOOD FREQUENCY 
 
 








Return period:  the length of time it takes for a discharge of a given 








What is the probability that a 100-year flood will happen this year?  If we 
















Basic factor #1:  the size of the drainage basin 
 
(A typical drainage basin) 
 
 












Two storms:  equal amount of rainfall over the same period of time: 
 
 




Two questions you have to answer:  how much water fell (depth)?  Over 
what length of time did it come down (duration)? 
 
 
























These two drainage basins are exactly the same, except… 
… the soils here are all 
sand and gravel and… 
… the soils here are 
all heavy clay! 
















The slope of the watershed and land use can affect how quickly runoff 




What is a Time of concentration? 
(See the next page) 
These two drainage basins are exactly the same, except… 
…this basin is 
completely forested, 
…this basin is covered 
by a small town! 
  
 




Flow type #1:  Overland (or sheet) flow 
 
 













Flow type #2:  Shallow concentrated flow 
 
 
Something between sheet flow and channel flow 
 
 
Use the following graph to determine flow velocity: 





 Velocity = 16.13 * (Slope)1/2  (unpaved) 








How can you tell where shallow concentrated flow ends and channel flow 






















V = ( 1.486 / n ) * ( A / WP )2/3 * S1/2 
 
 
where: V = velocity 
 n = Manning’s n-value (look them up in your HERPICC manual) 
 A = flow area 
 WP = wetted perimeter of the channel 
 S = slope of the channel in feet/feet 
 
 






Area = y * ( B + Z )2 
 
Wetted Perimeter = B + 2 * ( y2 + [ y * Z ]2 )1/2 
 
 where: B = the bottom width of the trapezoid 
  y = depth of water in the channel 














Q = CIA 
 
 
C = a ratio of runoff to rainfall 
I = rainfall intensity in inches/hour 








Assumptions of the Rational Method: 
 
• The highest flow will be generated when storm duration matches the 
watershed time of concentration (generally a good assumption) 
  
• Rainfall has no distribution, it simply turns “on” and “off” 
 




Now let’s apply this to an example problem:  Sheets Creek at I-465 in Boone 














There are four different land uses in the basin:  compute a composite “C” 
 
 
 Percent Subarea Percent times 
Land Use of Area C Subarea C 
Big ritzy 
subdivision 43% 0.35 0.152 
Grassed R/W 1% 0.2 0.002 
Pavement 1% 0.9 0.013 
Row crop 54% 0.55 0.296 









Computations for overland flow: 
 
• Flow length = 300 feet 
• Fall = 1 foot 
• n = 0.17 
 




Computations for shallow concentrated flow: 
 
• Flow length = 1400 feet 
• Fall = 5 feet 
• Slope = 0.004 (off the chart!) 
• So, use the formula for unpaved flow… 
 
• RESULT:  velocity = 1.1 feet per second 
   travel time = 21.2 minutes 
 
 









Length (feet) 840 640 
Fall (feet) 4.5 5.5 
Bottom Width (feet) 0 4 
Side Slopes (X:1) 10 3 
n  0.07 0.04 
Assumed Depth (feet) 1.6 2 
Slope 0.00536 0.00859 
Area (sf) 25.6 20 
Wetted Perimeter (feet) 32.2 16.6 
Hydraulic Radius (feet) 0.8 1.2 
Q (cfs) 34.2 77.8 
Velocity (fps) 1.3 3.9 








To find rainfall intensity, use the IDF curves for Indianapolis: 
 






Q100 = 0.46 * 2.99 in/hr * 104.6 ac = 143.9 cfs 
 































Unit Hydrograph:  the hydrograph that would be generated by one inch of 
runoff (unit runoff… Get it?) in a given length of time 
 
 
How do you determine the shape of the unit hydrograph for your basin?  




The NRCS (formerly SCS) provides a one-size-fits-all unit hydrograph that 
can be applied to any drainage basin 
 
 
How well does it work, really? 
 
 
Now let’s apply the unit hydrograph method to our example problem: 
 
 






The above is from Hydro 35 (lumped in with TP-40), but some people use 































You would generally use a second quartile storm (50% probability) 
 
 













Use soil maps to find out the names of the soil complexes in your drainage 










Assume 50% C, 25% B and 25% D and compute a composite curve number: 
 
 
 CN  
 Curve numbers for weighted Portion  
Land use B C D for soils of area  
Subdivision (25% imp.) 70 80 85 78.75 0.43 34.26
Grassed R/W 61 74 80 72.25 0.01 0.88 
Pavement 98 98 98 98 0.01 1.39 
Row crop 71 78 81 77 0.54 41.48


















HOW TO DETERMINE A DISCHARGE:  ADDITIONAL METHODS 
 
 




If your drainage area is greater than one square mile, check with the Indiana 





Need a HERPICC manual?  Contact: 
 
 
 1284 Civil Engineering Building 
 Purdue University 
 West Lafayette, IN  47907-1284 
 
 (800) 428-7639 
 
 
Or…  Check their booth here at Road School! 
